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I. SUMMARY 

Equipment and c i r c u i t r y  were assembled t o  provide  e i t h e r  
manual o r  automatic  cyc l ing  of t h e  nickel-cadmium c e l l s  
through charge and discharge cyc le s .  Quarts c e l l s  were 
designed and cons t ruc ted  f o r  u se  i n  t h e  Co60 (gamma) and 

SNAP STF (neut ron)  sources .  Laboratory experiments were 
c a r r i e d  cut tc determine t h e  c a p a c i t y ,  e i eva ted  temperature  

c h a r a c t e r i s t i c s ,  and t h e  general  e lec t rochemica l  behavior  of 
2-e lec t rode  c e l l s  under var ious c u r r e n t  c y c l i n g  regimes. 

These c e l l s  used e l e c t r o d e s  taken from Gulton VO s e r i e s  N i - C d  

c e l l s .  G a m m a  i r r a d i a t i o n  runs have been c a r r i e d  out  a t  t h e  
NAA Science Center Co60 source (dose r a t e  = 1 . 9 ~ 1 6  6 rads /hr )  

and a t  t h e  A I  Co source  ( d r  = 8x10 r ads /h r ) .  A small 

d e t e r i o r a t i o n  i n  output  vo l tage  w i t h  time (of  t h e  o r d e r  of 

t e n s  o f  m i l l i v o l t s )  w a s  observed a t  dosages of 10 

t h e  r e s u l t s  were clouded by havi-rg t o  c o r r e c t  f o r  t h e  e f f e c t s  

o f  a simultaneous h igh  temperature produced i n  t h e  source  t o  

o b t a i n  t h i s  f i g u r e .  Sloughing o f f  of  e l e c t r o d e  m a t e r i a l ,  

almost e n t i r e l y  from t h e  cadmium (nega t ive )  e l e c t r o d e  became 
apparent  a t  about 6x10 rads. 

f i g u r e ,  t h e  capac i ty  o f  t h e  cadmium e l e c t r o d e  i e  d r a s t i c a l l y  

reduced. Some p o s s i b l e  mechanisms f o r  t h i s  damage a r e  
presented .  The f u t u r e  program of i r r a d i a t i o n s ,  t o  i n c l u d e  

neut ron  and e l e c t r o n  sources ,  a l s o  c a l l s  f o r  chemical t e s t s  
t o  p inpoin t  o r  e l imina te  H 0 as t h e  primary cause of  t h i a  

material loss. 

60 4 

a rads, b u t  

6 ict 1.31~10~ rads, or  some l e s s e r  

2 2  
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11. INTRODUCTION 

The o b j e c t i v e  of t h i s  program i s  t o  inves t iga te  t h e  

e f f e c t 8  of  i r r a d i a t i o n ,  neutron and gamma, on t h e  cha rac t e r -  

i e t i c s  and p r o p e r t i e s  o f  nickel-cadmium b a t t e r y  e l ec t rodes .  

The e f f e c t s  are t o  be  looked f o r  s p e c i f i c a l l y  by monitor ing 
t h e  e lec t rochemica l  c h a r a c t e r i s t i c s  of a b a t t e r y  du r ing  
charge ana d i scha rge  cyc les  b o t h  i n  and o u t  o f  r a d i a t i o n  

f i e l d s .  Along with t h e  e l e c t r i c a l  measurements, any p h y s i c a l  

changes a r e  t o  be  noted ,  s tud ied ,  and t h e i r  e f f e c t  c o r r e l a t e d  
t o  t h e  e l ec t rochemis t ry  of  t h e  system. Temperature and 

p r e s s u r e  measurements a r e  t o  be  monitored and t h e i r  va r i ances  

s t u d i e d  . 
To d a t e ,  a l l  i r r a d i a t i o n s  have involved gamma sources ,  

a l though neut ron  i r r a d i a t i o n  i s  planned f o r  t h e  next  per iod.  

Two s i g n i f i c a n t  r e s u l t s  have shown up. F i r s t ,  a s m a l l  drop 

i n  c e l l  vo l t age  ( a t  open c i r c u i t  and dur ing  charge-discharge 

c y c l i n g )  w a s  observed. 

t h e  e f f e c t  appears  t o  b e  a func t ion  of i n t e g r a t e d  dose.  
Determination of t h e  magnitude of t h e  e f f e c t  w a s  d i f f i c u l t  

as t h e  va lue  had t o  be  cor rec ted  f o r  s imultaneous decrease  

i n  output  v o l t a g e  caused by t h e  e l eva ted  temperature  encoun- 
t e r e d .  However, while  t h e  exac t  va lue  o f  t h i s  e f f e c t  i s  i n  

doubt ,  i t a  e x i s t e n c e  appears confirmed. 

O f  t h e  o rde r  of t e n s  of m i l l i v o l t s ,  

A second, more s t r i k i n g  e f f e c t  w a s  observed. The 

e l e c t r o d e s ,  i n  p a r t i c u l a r  t h e  cadmium (nega t ive )  e l e c t r o d e ,  
w a s  observed t o  d i s i n t e g r a t e ,  s o  t h a t  a n o t i c e a b l e  depos i t  

appeared a f t e r  about 6x10 r a d s  i n t e g r a t e d  dosage. This  

phenomenon seems t o  have l i t t l e  e f f e c t  on t h e  c e l l  vo l t age  

but  appears  t o  have some e f f e c t  on t h e  t o t a l  capac i ty .  This  

phenomenon w a s  s tud ied  r a t h e r  thoroughly.  The f i r s t  phase 

of t h i s  s tudy  w a s  t h e  determinat ion of t h e  t ime f o r  appear- 
ance of t h e  d e p o s i t s  and the  e f f e c t  of dose r a t e  on t h i s  

6 



time and t h e  phenomenon i t s e l f .  
$0  s e e  what e f f e c t  t h i s  s loughing o f f  of material had on t h e  

charge-discharge curves  of t h e  c e l l s .  
has not been i n i t i a t e d  as yet .  

The second phase would be 

Th i s  second phase 

111. FACTUAL DATA 

Equipment t o  be used,  i n c l u d i n g  n u l t i p o i n t  r eco rde r ,  

c m s t s n t  current murce ,  t imer and a multicam c lock  assembly, 

were assembled i n  a po r t ab le  r a c k  s o  t h a t  two c e l l s  wi th  

r e f e r e n c e  e l e c t r o d e s  (Hg/HgO) can be monitored du r ing  a com- 

p l e t e  cyc le .  The c y c l e  s e l e c t e d  f o r  t h i s  i n i t i a l  work i s  o f  

20 minute d u r a t i o n ;  6 min c h a r g e ,  4 min open c i r c u i t ,  6 min 

d i scha rge ,  4 min open. During t h e  pe r iod  t h e  v o l t a g e s  between 
t h e  Ni-Cd, Ni-Hg/HgO and Cd-Hg/HgO a r e  monitored f i v e  times 

p e r  minute. The c i r c u i t r y  f o r  t h i s  system i s  shown i n  

F igure  1. 

S ince  l a b o r a t o r y  s t u d i e s  on t h e  normal c h a r a c t e r i s t i c s  

o f  t h e  b a t t e r i e s  were needed a l o n g  wi th  t h e  i r r a d i a t i o n  
s t u d i e s ,  two t y p e s  o f  c e l l s  were designed.  The l a b o r a t o r y  

c e l l  i s  a two compartment l u c i t e  box wi th  an a i r  t i g h t  top. 

E lec t rodes  and p r e s s u r e  measuring dev ices  a r e  s e a l e d  i n .  

With t h i s  system t h e  c e l l s  can be  d ismant led  e a s i l y .  

Fo r  i r r a d i a t i o n ,  quar tz  c e l l s  were cons t ruc t ed .  

F igu re  2 shows t h e  d e t a i l s  of t h e s e  c e l l s .  Quartz s p a c e r s  

a r e  used t o  p o s i t i o n  t h e  e l ec t rodes .  A thermocouple w e l l  i s  

provided,  as i s  a tube  f o r  a t tachment  of  t h e  t e f l o n  t u b i n g  
l e a d i n g  t o  t h e  Hg/HgO/KOH r e f e r e n c e  e l e c t r o d e .  A bu lb  is 

i nco rpora t ed  t o  c o l l e c t  gas f o r  sampling, and a p r e s s u r e  
t r ansduce r  is a t t a c h e d  t o  monitor t h i s  v a r i a b l e  du r ing  t h e  

runs.  
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EMF TO RECORDER 

/ I f U i R T f  TOP 

NICKEL ELLCTROM NOTE: DIMENSIONS 44mm I 66mm 

Figure 2. Quarts Cell for  Irradiations. 



One of  t h e  most troublesome q u e s t i o n s  i n  d e a l i n g  wi th  

Ni-Cd b a t t e r i e a  I s  knowing t h e  s t a t e  o f  charge of t h e  b a t t e r y .  

From t h e  present work i t  became ev iden t  t h a t  a method for 
determining t h i s  v a r i a b l e  would have t o  b e  der ived .  

e l e c t r o d e s  used were obtained from Gulton VO type  cells* of  

0.8 amp h r  r a t e d  capac i ty .  
were of f l a t  p l a t e  design and were r e a d i l y  adap tab le  t o  our  

purpose. In t h e s e  c e l l s ,  which were p l a s t i c  encased, are 

The 

These c e l l s  were s e l e c t e d  as they  

f i v e  e l e c t r o d e s ,  two of n i cke l  and t h r e e  o f  cadmium. In t h e  

l a b o r a t o r y  c e l l s  one of n i cke l  and one of cadmium are used. 

a. Pre l iminary  Tests  

Various c u r r e n t s  from 0.1 amp t o  0.4 amp were t r i e d  

f o r  bo th  charging and discharging.  High c u r r e n t s  were 

found t o  d i s t o r t  t h e  e l ec t rodes  and low c u r r e n t s  were 
f e l t  t o  be u n r e a l i s t i c .  A c u r r e n t  of 0.2 amp w a s  s e l e c t e d .  
A* first,  c e l l  vo l t age  was thought t o  be t h e  b e s t  i nd ica -  

t i o n  of f u l l  charge but  a f t e r  f u r t h e r  s t u d i e s  i t  w a s  

decided t o  charge a l l  c e l l s  f o r  150 min a t  0.2 amp. The 

capac i ty  o f  t h e  c e l l s  a f t e r  t h e  charge w a s  140 min x 0.2 

amp = 0.’466 amp h r .  After  charging,  t h e  c e l l s  were d l s -  

charged f o r  37 min t o  75% of  t h e  t o t a l  charge. 

found t h a t  another  method o f  determining t h e  s t a t e  of  
charge o f  t h e  c e l l s  w a s  t o  u se  a S o l i o n  SVl5O i n t e g r a t o r  

i n  a s e r i e s  wi th  t h e  cur ren t  sources .  The c o l o r  changes 

accord ing  t o  t h e  charge and t h u s  a v i s u a l  i n d i c a t i o n  of 

s t a t e  of  charge i s  obtained. 

I t  w a s  

*S in te red  p l a t e  type  e l ec t rodes  designed f o r  s e a l e d  ope ra t ion ,  

manufactured by t h e  Alkaline Ba t t e ry  Div is ion  of Gulton 

I n d u s t r i e s ,  Inc.  

SI-8971 
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Laboratory experiments were c a r r i e d  out  i n  30 and 
40% KOH with no apparent  d i f fe rence6 .  

ob8ervat ion8 were made. 
The following 

1. High cur ron t8  (0.4 amp) d i a t o r t  t h e  nickel e l e c t r o d e 8  
whereas the cadmium e l e c t r o d e s  6eem unaffec ted .  The 
c u r l i n g  does n o t  appear t o  be d i r e c t i o n a l .  Hot s p o t s  
CCCIX with Sulges sPpearing SI?. t h e  surfece cf the  

e lec t rode .  

2. Voltage ac rose  t h e  N i - C d  c e l l  i s  no t  an i n d i c a t i o n  
of  s t a t e  o f  charge.  

3. Upon charging,  t h e  cadmium e l e c t r o d e  starts t o  gas 
when t h e  c e l l  has  been charged with approximately the 
same number of coulombs which can be withdrawn on 
discharge .  

4. C e l l s  can be cycled i n  our  system f o r  2-3 weeks wi th  
no apparent  vo l t age  changes anywhere i n  t h e  c y c l e ,  

bu t  some r e s i d u e  has  been noted f a l l i n g  from t h e  

cadmium e l e c t r o d e  a f t e r  r a t h e r  long p e r i o d s  o f  opera- 

t i o n  (approximately 17 days) .  

5 .  Elec t rodes  from t h e  same b a t t e r y  behave s i m i l a r l y  on 

c y c l i n g  even t o  t h e  ex ten t  t h a t  t h e i r  v o l t a g e s  a r e  

t h e  same wi th in  approximately 10 mv o r  so. Elec t rodes  
from d i f f e r e n t  b a t t e r i e s  show much g r e a t e r  d i f f e r e n c e s .  

6 .  No p r e s s u r e  changes were de t ec t ed  du r ing  cyc l ing .  A 
t ransducer  s e n s i t i v e  t o  0.1 p s i  w a s  employed f o r  t h e s e  

measurements. 

B. I r r a d i a t i o n  Tests 

For t h e  i r r a d i a t i o n  t e s t s ,  a b a t t e r y  chosen a t  random 

i s  f i r s t  charged according t o  t h e  Oulton s p e c i f i c a t i o n  

AI-8971 
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Table I gives a s~ of the runs accomplished. As 

the work m u e t  of necessity be eutploratory, with so many possible 
variables, it appears of value t o  give an extensive discussion 
and evaluation of the results. These are presented below. 

Runs No. 1 and 2 were essentially identical, except that 
the use of wolfram leads i n  Run No. 1 led t o  early failure 
and possible ambiguity i n  interpretation of the results. 
These runs showed the followlng: 

I. 

2. 

3. 

4. 

5 .  

A black precipitate was formed during the irradiation. 

The c e l l  emf (a t  a l l  corresponding points i n  the cycle) 
dropped 70 mv i n  four hours of irradiation and then 
leveled out t o  retain this value 12 hours until failure. 

The N i  E Hg/HgO voltage dropped 60 mv i n  this time 
whereas the Cd vs Hg/HgO voltage dropped 10 mv. 

The ce l l  outside did not change over t h i s  period. 

After the ce l l  was lowered into the field,  the polari- 
sation from open circuit t o  charge and from open circui t  
t o  discharge on t h e  cycle decreased by 20 mv. (Possibly 
due t o  lowered electrolyte resistance and decreased 
activation polarisation, i f  any. ) 

AI4971 
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6.  No p r s u r e  increase #LIB detected (to 0.1 mi). 
Data from work during the flrst two rune indieated 

thrt t W t t W 0  effect8 On the  bli-cd bat tow 878%- &d 

t o  be defined before e lee t rochdaa l  changes obsemcwl 
during i d t i o n  could be attributed solely to  the 
radiation. The expshental c e l l  in ths  M Science 
Cmter Co source o-prates a t  approximately 45OC. Prelim- 
inary temperature studies and early irradiation studies 
had indicated that the effects observed w6re net rsv6rsiblt 
in a reasonable length of t h e .  To separate there effectrr, 
a man (No. 3) i n  the Co60 source was carried out where the 
outside or  reference cell  would be thennostated at  45°C. so 

that differences observed would be entirely due t o  Co 

radiation. 

60 

60 

From the data from Run No, 3, it appeared that  the 
voltage changes observed i n  Runs 1 and 2 were almost 
entirely due t o  temperature. 
typical curves from Run No. 3. (Note: Nrst and l a s t  
indicates point a t  start and finish of respective cycle.) 
The observation and conclusions f r o m  camparison of the 
results of these two runs can be summariaed thus: 

Figures 3, 4, and 5 are 

1. Radiation appears t o  cause a 10 mv sh i f t  in the open 
circuit  voltage during the 62 hour irradiation period. 
Charge and discharge voltages appear t o  be affected t o  
the same degree. 
longer times. 

This sh i f t  may grow larger with 
This point will be pursued further. 

2. Three hours were needed t o  reach temperature equili- 
brium i n  the Cob' ce l l .  I n  R u n  No. 3, from the 16th 
t o  about the 28th hour of the run, the c e l l  being i d -  
ated was accidentally removed from the Co60 source and 
was at room temperature. 
t o  room temperature the cell voltages did not return 
t o  the i r  original value. 

Note that upon being returned 

AI4971 
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3. In Run No. 3, a break  i n  t h e  c i r c u i t  t o  t h e  r e f e r e n c e  
T h i s  e l e c t r o d e  occurred  dur ing  t h e  Co60 i r r a d i a t i o n .  

cond i t ion  w a s  c o r r e c t e d  l a t e  i n  t h e  run. The cause 
w a s  thought t o  b e  a bubble in t h e  salt b r i d g e  connec- 

t ion .  

4. Eleven mi l l ig rams o f  m a t e r i a l  which had sloughed o f f  
of  t h e  e l e c t r o d e s  w a s  c o i i e c t e d  from t h e  irradiated 

c e l l  i n  Run No. 3. (An average weight of a cadmium 

e l e c t r o d e  i s  5 grams.) 
m a t e r i a l  from t h i s  run  i s  g iven  i n  Table 11, Col.  6. 
Analyses o f  such m a t e r i a l  from p r i o r  r u n s ,  as w e l l  as 

o t h e r  ana lyses  a r e  given i n  Table 11. The samples were: 

Analysis  of t h e  sloughed 

(1) S o l i d s  washed from c e l l u l o s e  b a t t e r y  s e p a r a t o r .  

(2)  Sloughed-off r e s i d u e  from Co60 Run No. 1. 

(3)  S o l i d s  f r o m  f i l t r a t e  of e l e c t r o l y t e  o f  Co60 Run 

No. 2. 

(4) Sloughed-off r e s i d u e  from Co60 Run No. 2. 

( 5 )  Sloughed-off r e s i d u e  from 17 day c y c l i n g  of c e l l  
at room temperature .  

A cadmium e l e c t r o d e  w a s  disassembled t o  g i v e  t h e  

s k e l e t o n  weighing 0.9 gram and a powdered composite weigh- 

i n g  4 grams. These m a t e r i a l s  were ana lyzed ,  t h e  r e s u l t s  

be ing  given i n  Table 111. 

In accord w i t h  one aim of t h e  p r o j e c t  which i s  t o  
determine t h e  dose ra te  and dosage needed t o  i n i t i a t e  any 

e f f e c t s ,  Run No. 4 w a s  scheduled t o  de te rmine  t h e  t h r e s h o l d  

f o r  i n i t i a t i o n  of t h e  l lsloughing-off ' l  phenomenon. 

A q u a r t z  c e l l  w a s  prepared f o r  a normal Co6' i r r a d i -  

a t i o n  wi th  t h e  except ion  t h a t  t h e  r e f e r e n c e  e l e c t r o d e  w a s  

n o t  hooked up and t h e  c e l l  w a s  l e f t  on open c i r c u i t  a f te r  

AI-8971 
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TABLE I1 

EMISSION SPECTROGRAPHIC ANALYSES 

OF VARIOUS POST-RUN SAMPLES 

2 1 3  4 5 6 Sampla # - ....- <%,_ 

0 02  05 . 02 03 03 05 

A1 . 3  

B 

Ba 

Ca 03 1 -03 I .1 1 2  I 01 

Cd 

Cr 

e 001 

. 00; 
Na 5 

Ni 
~ ~~ 

Pb 

si 

-01 

4 

Sn < 001 
W < - 5  

Zr 

NOTE: Where a value appears, element was not 
detected. 

Values shown are i n  weight per cent.  
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TABLE I11 

CHEMICAL ANALYSES OF CADHIoI( ELECTBODE 

---a- ----- .-----. - -.- .- 

Analyaia of ll Analysis of Cd 

W t  of T o t a l  E lec t rode  
5.091 gms 29 2% 37.2% - 

'w't of  ail E i e c t i e d e  
Skele ton  

0.9040 gni 14.4% -00 

W t  of Bulk Material I 4.0481 gms 

being  charged and reduced t o  75% of charge.  

p laced  i n  t h e  eo6' source f o r  Run No. 4 and observed 
every 15 minutes  f o r  the f i r s t  hour and then  every hour 
t h e r e a f t e r .  After 45 minutes, t h e  e l e c t r o l y t e  appeared 
cloudy but  i t  w a s  5 hours b e f o r e  enough m a t e r i a l  w a s  
p re sen t  t o  show up as a p r e c i p i t a t e  on t h e  bottom of t h e  

c e l l  

"he c e l l  w a s  

During t h e  same per iod as t h e  above run, a complete 

b a t t e r y  a t  75% charge was i r r a d i a t e d  f o r  a t o t a l  o f  
7 hours  and 24 min (Run 4a). The b a t t e r y  w a s  dieassembled 

and eome b lack  ma te r i a l  w a s  found on and i n  t h e  s e p a r a t o r .  

In a d d i t i o n ,  more ma te r i a l  could be wiped o f f  t h e  cadmiurq 

e l e c t r o d e  w i t h  a paper t i s s u e .  

on t h e  n i c k e l  e lec t rode .  

L i t t l e  or none w a s  found 

With t h i s  information now a v a i l a b l e ,  c e l l s  were b u i l t  

for i r r a d i a t i o n  i n  the  AI Co60 source  where t h e  dose rate 
was much lower. Because of c e l l  e i z e  and shape, an 

AI-8971 
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4 average dose r a t e  of only 8x10 

The c e l l s  ( f o r  Run No. 6 ,  7, and 8) were made o f  l u c i t e  
which p re ton ted  the observa t ion  of  c loudines6  but  d i d  

a l low f o r  obse rva t ion  of  p r e c i p i t a t e  formation. A t  t h e  
dosage rate t h e  p r e o i p i t a t i o n  occurred  i n  72 hour@. There 

doe8 seem t o  be a rough c o r r e l a t i o n  of  appearance o f  t h e  

process  of m a t e r i a l  l o s s  from t h e  e l e c t r o d e  wi th  t o t a l  
dosage received.  Ir: b t h  rune No, 4 and 7? t h e  t o t a l  

dosage t o  t h e  appearance of a s i g n i f i c a n t  amount of pre- 

c i p i t a t e  was approximately 51~10~ rads. 

rads/hr  w a s  obtained.  

A long term run (No. 5 )  was r e c e n t l y  c a r r i e d  out .  

The a i m  h e r e  w a s  t o  inc lude  gas  p re s su re  measurements and 
gas  a n a l y s i s  as we l l  as some q u a n t i t a t i v e  measurement of  

t h e  m a t e r i a l  sloughed o f f  o f  t h e  e l ec t rode .  Also, t h e  
a i m  w a s  t o  determlne whether t h e  amount of t h i s  p rec ip i -  : 

t a t i n g  m a t e r i a l  was propor t iona l  t o  t h e  i n t e g r a t e d  dosage 

o r  no t .  Unfortunately,  our c e l l  w a s  no t  l e a k  proof (which, 

wi th  our  p re sen t  des ign ,  is imposs ib le  t o  check be fo re  a 
run ) .  .In any case ,  we d i d  no t  observe any p res su re  bui ld-  

up and t h u s  made no gas a n a l y s i s  over  t h e  9 day run. 

Analyses were completed of t h e  cadmium and n i c k e l  

e l ec t rodes .  
t r o d e s  and ske le ton  and q u a n t i t a t i v e  a n a l y s e s  were made 

on cadmium e l e c t r o d e  and its ekeleton.  The r e s u l t s  are 
i n  Tables IV and 111. 

Spectrograph ana lyses  were made on both e lec-  

C. Temperature C h a r a c t e r i s t i c s  of Ni-Cd B a t t e r i e s  

D i f f e r e n t  e l e c t r o d e s  from b a t t e r y  c e l l s  g ive  va r ious  
The manufacturer6 r e s u l t s  when cyc led  w i t h  temperature.  

of  our  c e l l  (Qu l ton  I n d u s t r i e s )  po in ted  o u t  t h a t  t h e  

b a t t e r i e s  have a memory. That is, t h e i r  ope ra t ing  cha rac t e r -  
i s t i c s  may be very  dependent on t h e i r  p rev ious  thermal 

AI-8971 
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*g 
A1 
Ba 
Ca 
Cd 

co 
Cr 
cu 

Fe 

Mg 
, M n  

Mo 
Na 

Ni 
Pb 
si 
Sn 

Zr 

TABLE IV 

SPECTROGRAPHIC ANALYSES OF CADMIUM 
AND NICKEL ELECTRODES 

Cadmium 
El e c tr od e 

. 3  

.5 
-- 
. 3  

> 10 
-- 
e 01 

05 
05 
05 

Xizkal 
Electrode 

0 1  

03 
- 3  
.5 
2 

.1 

05 
01 

05 

-0  

Values shown are in weight per cent. 
I I M t t  indicates a major constituent 
ItStt indicates a minor constituent 
rrTrr indicates a trace constituent 

El. n c trade 
Skeleton 

T 
T 

T 

T 
S 
T 
S 
T 
M 
T 

S 
T - 
S 
T 

T 
T 
T 
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h i s t o r y .  Our first runs d i d  no t  recover  on excursion6 

from 25 t o  45OC and back t o  25OC. 

r a d i a t i o n  where t h e  cyc l ing  wae In f i v e  degree inc re -  

ments, e.g., 25-30-25-35-25 up t o  45'c d i d  recover.  
Addi t iona l  study of t h i e  f a c t o r  has  been c a r r i e d  out .  

The r e s u l t s  of t h i s  run a r e  shown g r a p h i c a l l y  i n  Figure 6.  
As i s  evident ,  i n  t h i s  c e l l  a t  least  t h e r e  w a s  a revers- 
i b l e  change i n  c e l l  behavior ob ta ined  w i t h  t hese  tempera- 

t u r e  excursions.  

f u r t h e r  run  without  

Fur ther  information on t h e  high temperature behavior  

and r e v e r s i b i l i t y  of these e1,ectrodes and c e l l s  has been 

s o l i c i t e d  from t h e  manufacturer (Gulton I n d u s t r i e s ,  Inc.  . 
I V .  D I S C U S S I O N  AND CONCLUSIONS 

No immediate e f f e c t s  o f  r a d i a t i o n  (gamma) at t h e  dose 

ratee employed were observed. T h i s  i s  not  s u r p r i s i n g ,  as 

t h e  e l e c t r o d e  r e a c t i o n s  at t h e  b a t t e r y  e l e c t r o d e s  a r e  f a i r l y  

r a p i d  (high exchange current  d e n s i t y ) ,  as otherwise t h e s e  

e l e c t r o d e s  would not  be employed f o r  t h i s  purpose. Thus, 

any H 

d i r e c t  e f f e c t  i n  e s t a b l i s h i n g  any e l e c t r o d e  p o t e n t i a l s .  

or O2 or H202 evolved dur ing  t h e  r a d i a t i o n  has  no 2 

The phenomenon of  ma te r i a l  s loughing  o f f  from t h e  e l ec -  

t r o d e s ,  almoet e n t i r e l y  from t h e  cadmium (nega t ive )  e l ec t rode ,  

w a s  unexpected. Its occurrence i s  p r e d i c t a b l e  (now) and 

reproducib le .  While i n i t i a l  t e a t s  show i ts  ex ten t  t o  be a 

func t ion  of i n t e g r a t e d  dose a t  d i f f e r e n t  dose r a t e s ,  t h i s  is  
only a t e n t a t i v e  conclusion, s u b j e c t  t o  change as f u r t h e r  

data a r e  gathered.  One can a n t i c i p a t e  t h e  v a r i a t i o n  of  t h i s  

e f f e c t  w i t h  q u a n t i t y  of  water p r e s e n t ,  and w i t h  pH among 

o t h e r  p o s s i b l e  v a r i a b l e s .  

A I - 8 9 7 1  
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The fo l lowing  is a poss ib l e  explana t ion  of  the cause of 
Some hydrogen t h e  d i 8 i n t e g r a t i o n  o f  the  cadmium e lec t rode .  

peroxide,  gases, and f r e e  r a d i c a l s  are  formed probably in 
and near  both e l ec t rodes .  

peroxide decomposition f o r c e  their  way ou t  of  the  e l ec t rode .  
A t  the  n i c k e l  e l e c t r o d e  e i t h e r  because of a d i f f e r e n t  pore 

s t r u c t u r e  OF because t h e  n icke l -n icke l  oxide phys ica l  s t r u c -  

t u r e  is s t r o n g ,  no m a t e r i a l  is sloughed. A t  t h e  cadmium 
e l e c t r o d e ,  t h e  cadmium metal or hydroxi0e is bonded t o  n i c k e l ,  

b u t  probably not  as s t rong ly  as is n i c k e l  in t h e  n icke l -  

n i c k e l  oxide case.  The passage of t h e  gas  o r  peroxide e i t h e r  
p h y s i c a l l y  o r  chemically knocks cadmium o f f ,  t oge the r  w i t h  

t h e  base porous n i cke l .  Another p o s s i b i l i t y  is  t h a t  t h i s  gas  
is formed mostly i n  t h e  cadmium e l e c t r o d e  which may be a 
b e t t e r  c a t a l y s t  f o r  peroxide decomposition. T h i s  might expla in  

t h e  d i f f e r e n c e  i n  t h e  ex ten t  of  t h e  s loughing  phenomenon 

observed. A t  p r e sen t  we have no reaeon t o  b e l i e v e  o r  d i s -  
b e l i e v e  t h e  l a t t e r  explanation. 

In  e i t h e r  e l e c t r o d e  the gas08 from 

Eventual ly  t h i s  ma te r i a l  l o s s  w a s  found t o  a f f e c t  the  

capac i ty  of t h e  cadmium e lec t rode .  Also, the  change in v o l t -  
age of  c e l l s  under r a d i a t i o n  t rea tment  may be due t o  t h i s  

e f f e c t .  

The f a c t  t h a t  some degree of material l o s s  w a s  observed 

w i t h  t h e  commercial b a t t e r y ,  and t h a t  some material pene t r a t ed  

t h e  s e p a r a t o r  is  of s ign i f i cance .  

V. P I U S  FOR FURTHER WORK 

No gas evolu t ion  data have as y e t  been obta ined ,  owing t o  

a v a r i e t y  of un fo r tuna te  circum8tances. A f u r t h e r  run  is  

planned w i t h  a modified c e l l  a t  t h e  N U  Science Center Co 

source.  The r e f e r e n c e  e l ec t rode  w i l l  be  incorpora ted  i n t o  

60 
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a Figure 7. Test Cell Installed i n  N U  Science Center Co 60 Source. 

AI-8971 
22 



t h e  main body of t h e  c e l l .  

c e l l  with no danger of leakage, bo that  gas bUapl08 and 

p r e ~ a u r o  build-up d a t a  w i l l  be obtained.  Alao, ab we have 

much comparative d a t a ,  we can determine t h e  e f f e c t  o f  t h i 6  

gama r a d i a t i o n  on t h e  Hg/IIgO/KOE r e f e r e n a e  eleotrodo.  

T h i s  w i l l  enable  ue t o  seal t h e  

T e s t s  w i t h  e l e c t r o n  i r r a d i a t i o n  a r e  planned, u s ing  a 
modif ied c e l l  arrangement. T h i s  w i l l  enable  us  t o  get a 

b e t t e r  i d e a  of the  effaet of very high dose r a t e s  and i n t e -  

g r a t e d  doses  on t h e  ex ten t  and r a t e  of t h e  observed m a t e r i a l  

1088 

T e s t s  a r e  planned oute ide  of any r a d i a t i o n  f i e l d  on t he  

T h i s  may e f f e c t  of H202 on b a t t e r y  and e l e c t r o d e  behavior.  

enable  a dec i s ion  t o  be made as t o  whether t h e  peroxide or 
f r e e  r a d i c a l s  a r e  t h e  l i k e l y  cause of t h e  s loughing o f f  

phenomenon . 
Arrangements have been worked ou t  t o  use  the  SNAP s h i e l d  

Unfor tuna te ly ,  t e s t  f a c i l i t y  f o r  neutron r a d i a t i o n  s t u d i e s .  

t h e  o r i g i n a l  e s t ima te  of t h e  dose r a t e  i n  t h i s  source  w a s  
underest imated.  I f  t h e  resu l t s  he re  a r e  of t h e  same type  as 
obta ined  with gamma r a d i a t i o n ,  an equivalence f a c t o r  of gamma 
and neut ron  may be worked out s a t i s f a c t o r i l y .  I f  new phenom- 

ena a r e  observed, or i f  more ex tens ive  neutron data are 
requ i r ed ,  an o u t s i d e  source may be employed. 

is being planned fo r .  

This p o s s i b i l i t y  

G . 8 .  Argue 
s p  e c i  a l i  s t - R es 8% ch 

H. L. Recht 
Supervisor-Electrochemistry 

Chemist 


